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MATF.RIALS Al"D l\IETHOUS
Three replicates of 4 different smoke dried fish including Mackerel (Scomber scombrusv, Sardine (Sardiuela
ebll), Paula (Gadus morhua'; and Cal fish (Clarios gariepilllls) were purchased from 5 different markets: 0100,
Apata. Iwu-road. Bodija and Omi-Arlin. in lbadall, Oyo state South- Wc~tem Nigeria (totahng 60 fishes). The
fish samples were collected and kept in st~nlc: polythene bags for mlcrohial all~hsis,
INTRODUCTION
Consumption of fish and fish products is recommended due to good digestibility and the high content of
polyunsaturated fatty acids. Fishes ale a rich source of protein eouunonly consumed as an alternative source of
protein due to the higher COStof meat and other sources of animal protein (Oluwaniyi and Dosurnu, 2009). Fish
has lower cholesterol content when compared with meat and rhus of len recommended [or consumption
especially among the adult population (Harris, 1997). Themarine fish is generally cheaper and more abundant
when compared with fresh water fishes, which are relativelyrnore expensive in Nigeria (Oluwaniyi and Dosumu
(2009). Fish is a highly perishable food and so. many strategies han! been developed to limit its spoilage
(Gornez-Estaca et al.. 2009). According 10 Kumolu-Johnson er al, C2010) various food preservation techniques
have been utilized to improve the microbial safety and extend the shcl f-life of fish in general including freezing,
chemical preservation, salting, smoking, flying and filleting. However. smoking is the most popular method of
fish processing (Bako. 2005). Food is considered to be microbiologically unsafe owing to the presence of
microorganisms which may invade human body (i.e. Salmonella, Escherichia coli. Listeria monocytogenes, etc)
and a I!iO those that produce toxms ingested with a food such as Staphylococcus aureus, Clostridium botulinum
ami Bacilus cereus (Of red, 200Q). The growth of these pathogens may nol necessarily results in food spoilage.
Hence the absence of deleterious <;ensorychanges cannot be used as an indicator for food nucrobiological safety
(Border and Norton. 1997) Conscquently many outbreaks arc caused by bactena originating in the
animal/human reservoir i.e. Salmonella, Shigella. E. colt. and Staphylococcus aureus, (Lluss et 01., 1997).
Generally fish and shellfish are common vehicles of transmitting food borne diseases. it IS known that the
primary source of cholera is feces of infected persons and transmission of bacteria with water and food.
However. at present II has also been found that in certain areas the aquatic environment IS a natural I eservoir
(habitatjfor Vibrio cholerae. Microbiologists are of the opinion that the presence of Esc hericlua coli in food
indicates the probability of contamination of the food products with the sewage of human or aIII IIIaI origin
(Of red. 2009). Data on fisk factors for (oodbome diseases uidicatc that the majority of outbreak" result ficin
inappropriate food handling practices (JOIll:S& Angulo, 2006} Incidences of food borne disease outbreaks are
heen reported each year III Kenya (Giihiri L'/ (/1. 2009). However, there IS scarcity of informauon on ClCClITrCIlCeS
of pathogens 011 fish and other ready to cal food in Nigena rhus the need for this study With the objective of
determining some nucroorgamsms that ale prevalent on smoked fish sold ill markets in Ibadan Oyo stare
Nigeria.
AI3STH.A(,T
I he microbial load of four different fish ~p':-=I"::' from live different market locations in lbadan rnetropoli-, were
determined using standard microbiological procedures. TIle bacteria count of fish sampled Ir0111Ojo market was
the 11lehe~t while the bactena count of the fish sample Ir0111 BodlJa market \\US the lowest. l'herc was llU
significant difference (p>0.05) in the microbial load of the tish sampled from various market locations in Ihadau
metropolis. Similarly, there was no significant difference (p>O.OS) In the microbial load on various fish species
solei in lbadan metropolis l'he isolated bacteria from the study wac' E. colt, Salmonetla }PP.Klebsiella spp
Stapltylococcus aurcus , Ikro.H)1II0Il(lS sI'p. P,Hmc/UfJlUII(lS spp. ~ibrto '[1(1. Sltlrutta spp, Chromobacterutm \P/),
Enterobacteria sP/' and Shigcl!« spp The fungi count of fish sampled from Omi markets was the highest while
the fungi count of the fish sampled fr0111 Ojll market was the lowest While the following fungi were isolated
from the study: Aspergillus flav IH. Penictlhum spp, Fusarium 0.\.' sporum Trrtcltoderma spp and Ceotnchium
albidium, The study shows that reheating may be necessary to destroy or inactivate micro organisms in smoked
fish before consumption.
Keywords: bacteria, fungi, market, flsh species
",nCROBIAL LOAD ON S.\IOKF.D FISH SOLD IN IBADA:-.l, OYO STATE
'Aycloja, A. A.; lUeorge. f.O.A ;'Jimuh. V,l A. and: Abdulsalami, S. A.
'Fed.:ral College 01 Arumal Health and Production Technology vtoor Plantation. Ibadan t1CAII&PT)
"Depallment of Aquaculture and Fishenes Management. Federal University of Agriculture, Abeokuta
(FlJNAAB)
'Depallment of Biological Sciences, Aquaculture and I isherics l nit. Crescent Umversiry, PMB 2104, Sapon
Abeokuta. Ogun State. Nigena
*Corresponuillg e-mail: 3Yl.'loj:l2'1lgmail.clIlIl. ave ayo,a VJhoo.coll)
, r-
.,
.I
rt.
224
Ojo
Bodija
Iwo-road
Apata
Omi
SEM--------~~----------~~----~Column mean with the same superscript are not significantly different (p>O.05)
0.16% 0.10' x 10J
0.05± 0.07' x 10)
0.08± 0.05 a x 10J
0.04± 0.07· x 10J
0.05± 0.073 x 10J
0.02
0.35±0.11" x 103
O.07±0.04~ x 103
0.12±0.1O~ x 103
0.30±0.2<tx 103
0.22±0.32' x 10J
0.04
FungiBacterialMarket
Table I: Microhial I.oad on Fish from Different Market Location in Ibadan
RESULTS ANDDISCUSSION
Figure I shows the microbial load on fish from different market locations in Ibadan metropolis. The highest
bacteria load was recorded on fish samples from Ojo market followed by those from Apata market while the
lowest bacterial count was recorded on fish samples from Bodija market. However, there is no significant
difference (p>O.05) on the microbial load of fish sampled in the different market location meaning that the fish
sold in different markets in Ibadan Oyo state have similar microbial load which still fall within the
recommended microbial limit in the guidelines for the microbiological quality of various ready-to-eat foods by
CFSFEHD (2007) and Gilbert et al. (2000) i.e the fish sold in different markets in Ibadan is fit for human
consumption, From table I, the highest fungi count was recorded on fish samples from Omi market followed by
those samples from Apata market while the lowest fungi count was recorded on fish samples from Ojo market.
MICROBIAL ANALYSIS
Preparation of equipment TIle working tables wen: swabbed \\ ith ethanol to disinfect them. All the wares were
washed ami air-dried after which they were sterilized ill hot air oven at 160"C for j hour: Culture media like
nutrient agar was prepared according to manufacturers' specifications and distilled water used for serial dilution
was sterilized in an autoclave at 121°C for 15minutes before use.
Preparation of agar plate.The agar plates were prepared by first sterilizing the petri dishes. This was done by
putting the petri dishes ill petri dish cans in the hoi air oven at 160°C for Ihour. The sterilized plates were then
left in petri dish caus until required, the wire loop was sterilized by flaming in red-hot fire using a spirit lamp.
The agar were prepared by dissolving 0.6g of the agar in looml distilled water and the sterilize using a
microwave at 121°C for 15min and left to cool to 4S"C.
Preparation of fish samples for microbiological rests.Fish samples were collected in triplicates from the samples
bought from different markets. The fish were minced after which serial dilution \...·as made, total viable count
was done, colonies on the plates were picked and sub-cultured and then identified
Serial dilution: 109 of each fish sample were weighed aseptically and homogenized in 90ml sterile peptone
water. Then, serial dilutions was made by mixing I.Oml of The suspension in 9.0ml sterile peptone water to
obtain 10.1 dilution. The dilution was then made to 102, and 103 diluenrs, then spread-plated on plates of
nutrient agar (fur total viable counts); Salmonella-shigella agar (for Salmonella and Shigella species); Mannitol
sail agar (for Staphylococcus spp); r .istcria agar base (for Listeria monocytogenesy;MacC.onkey agar (for H. coli
and other enteric bacteria); Robertson cooked meat medium (for Clostridium botulinumi and Eosin Methylene
blue agar (for enteric bacteria). The plates was triplicated and incubated at 37°C for 24hollIS. Total number of
cells per .g!:_ammeof samples were then estimated after counting the colonies on the plates. Colonies on the
plates were tIiCn-pick~d and sub-cultured on nutrient agar plates to ensure purity of culrures. The different pure
cultures were then transferred to nutrient agar slopes and then identified.
Characterization and identification of the isolates.Bacterial isolates were characterized using routine
microbiological procedures as described by Olutiola et al. (1991) and Fawole and Osho (1995) after which they
were identified using Bergey's Manual of Determinative Bacteriology. The microbiological identification
procedures used include: .
Colony morphology.This involve the microscopic evaluation of the characteristics of bacteria colonies on the
agar plates. The characteristics considered include the shape of the colony, elevation of the colony, edge of the
colony, colony surface pigmentation and the optical characteristics.
Cell morphology:This shall involve staining of the isolates to show the cell shape and appearance. In this study,
gram staining method was carried out on eaeh isolate
Motility testThis was carried out using hanging drop method (Fawole and 050, 1995)
Biochemical Test:Some of the biochemical test earried out include: catalase test, indole test, citrate test sugar
fermentation test and oxidase test.
STATISTTCAL ANALYSIS
The results are expressed as means and standard deviation and analysed using two ways analysis of variance
(randomized complete block design) using SPSS version 17.0 where significant difference (p<O.05) recorded.
Duncan multiple range test was used to separate the means.
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Result obtained from the study showed that Aspergillus flavus, Geotricium albidium, Trichoderma sp.,
Fusarum oxysporium, Penicillium spp, Aeromonas spp, Klebsiella oxytoca, Levinae spp, Serratia rubidaea,
Proteus vulgaris, Shigella flexneri. Enterobacter aerogcnes, Vibrio cholerae, Escherichia coli, Salmonella
arizonae Streptobacillus monilliforms, Bacteria nccrophorus, Pseudomonas amattophillia and
Chromobacterium vtoleceum, arc the rrucroorgarusms found to be associated with smoke dried fishes sold in
different market in Ibadan, The presence of all theses bacteria and fungi may make its consumption hazardous to
health 3,<; some of these microorgamsms have been reported by other authors as been hazardous for human
consumption. Ofred.(2009) reported that Spoilage of fish is mainly due to the. activity of psychrotrophic gram-.
negative bacteria such as Shewanella putrcfaciens and Pseudomonas spp, Taoukis e! al. (1999) also reported
that fish and fish products spoil by different specific spoilage organisms (SSO) depending 011 the final treatment
or preservation and storage temperature. Examples of SSO in different fish and fish products include
Pseudomonas, Shewanella putrefaens, Photobactereum phosporeum, Aeromonas hydrophilu, and Alteromonas
putrefuciens. Vibrionaceae, Aeromodans, Moraxella, Acinetobacter. Enterobacteriaceae; and Yeast and molds.
According 10 Akande and Tobor, (1992), in artisanal fishery, freshly caught fish are covered with damp sacks
and al times they are mixed with wet grass or water weeds to reduce the temperature. Fish treated this way is
prone 10 contamination with microorganisms such as Salmonella and Aspergillus. This indicates that spoilage of
fish l>tarL\right from the aquatic ecosystem. Processed fishes are also prone to microbial attack especially in
anisanal fishery due to unhygienical method of processing and preservation. During the smoke drying period,
smoking kilns used in artisanal fisher), and overloading of the fishes on the trays lead to improper processing
which in turns encourage fungal attack. During storage of smoked dried fish produc •. good storage practices are
rl"., Type
Column mean with the same superscript arc not significantly different (P>O.05)
Alaran O.19=0.222 X 10"
Catfish O.14::{).Htx io'
Paula 0.27:rO.1!fx 103
Sardine 0.25±O.2(fx 103
SE.\1 0.04
0.06.-0.04' x 10'
008=0.12" x loJ
0.08=0.71" x loJ
0.09::0.07" x J 03
0.02
FungiFish spp Bacterial
Table 2: Microbial count illIfcrent fish species sampled
Figure 2: Depicts the microbial load on different fish types In lbadan metropolis. The highest bacteria load was
recorded Oil Paola. followed by sardine while thc lowest bacrena count was recorded on catfish sample. Also,
represented In figure 2 \..as the fungi load on different fish types In lbadan merropolis. The highest fungi count
was recorded 011 sample is sardine followed by Alaran while the lowest fungi count were recorded In catfish and
pallia. However. there il> no significant difference (P>O.05) on the microbial load of the different fisb species
sold in Ibadan metropolis. The microbial load on the various fish spp still fall within the recommended
microbial limit in the guidelines for the microbiological quality of various ready-to-eat foods by CF~FEHD
(2007) ami Gilbert et al. (2000).
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RF.COMMEl"I'DA TIONS
Caution should be exercised in consuming smoked-dned fish displayed openly because such fish could contain
poisonous micro-organisms and reheating may be necessary to destroy or in activate such micro-organisms. It is
also recommended that good quality fish should be used as raw material for fish smoking in line with
recommendation of Aycloja et 01.2011. Also, during smoke drying period, smuking kilns and fishes on the trays
should not be overloaded because it will lead to improper processing which in turn encourages fungal attack;
consumers should also make sure they buy fishes meant to be consumed in a clean environment. Monitoring
agencies should ensure that fishes meant for consumption should be free from flies. Carrion flies, butterfly
larvae and pupae. Good fishes should be displayed in a wood constructed with net and netted with mosquito net
in other to reduced pathogens. Materials to be used for fish smoking such as trays, wire meshes and all other
utensils should he washed properly and sterilized to reduce the spread of micro-organisms, good storage
practices should be adhere by fish mongers during storage of smoked dried fish product. Hence, fish stores
should be well screened and ventilated so that pest would not gain access.
CONCLUS[ON
The study revealed that smoked-dried fishes in Orni, Iwo Road, Bodija, Ojoo and Apata markets iII Ibadan Oyo
State are contaminated with micro-organisrns. However, the microbial load still 1'011 within the recommended
microbial limit in the guidelines for the microbiological quality of various ready-to-eat foods by CFSFEHI)
(2007) and Gilbert et (1/. (2000) i.c the fish sold in different markets in lbadan is lit lUIhuman consumption. The
microbial load on different fish spp in Ibadan metropolis are not significantly different (p > 0.01) from each
other.
not adhered to b)' fish mongers hence stores an: not well ventilated and pest can easily gain access into the
stores. The environment In which fishes are displayed in the market is not always hygiemc and this is another
avenue tor microbial contamination very often, retailers' di:..play the smoke dried ftsh sample in open uays
beside the gutter 01 refuse heaps, (lib abo encourage., fungi and bacteria attack and subsequent production of
tOXIIlS.This is an agreement with the report of Akandc ann Tohor (lY92).
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